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3.3.6 The metabolic activity of oribatid mites 
(Acarina) in different forest floors 


1, INTRODUCTION 


After the pioneer work of Borne busch in 1930, it took nearly twenty 
years before a systematic study of the respiratory activity of the soil fauna 
was attempted. In his remarkable papers on Nematodes and Enchytravcids, 
Nielsen (1949, 1961) considered the "possibility of estimating the share 
of the entire population in soil metabolism and ultimately, of their quantitative 
importance in the household of Nature" (Nielsen 1961). Afterwards, 
different authors applied this approach to other terrestrial populations or 
communities (Smalley 1960, Engelmann 1961, Phillipson 
1962, Berthet 1963, 1964, Phillipson and Watson _ 1965), 

In 1948, Macfadyen had already proposed the term of energy flow 
to describe in a general and quantitative manner the metabolie activity of the 
fauna in its biotope. For soil organisms, the energy flow may be estimated 
from the oxygen consumed by the animals, since it may be assumed that 
only a small part of the assimilated energy is used to perform biosynthesis. 


In the present study, the oxygen-consumption measured in the laboratory 
was taken as an estimate of the respiratory activity of animals in natural 
conditions. These data, combined with measured population densities, were 
used to compute the energy flow rate through Oribatid communities in 
different biotopes. We feel that these results not only provide an estimate 
of the activity of Oribatid mites in the forest floor, but also provide an insight 
into the structure of the communities from a metabolic point of view. 


2. MATERIALS AND METHODS 


2.1 SITES AND SAMPLING 


Eleven different communities were investigated; two of which were studied 
twice at a three year interval. The sites are described in Table I; they are 
all located within a 4 km radius in Moyenne-Belgique (4? long E, 50? lat N ). 

The fauna analysis performed by Le brun (1965), Corbisier (1965), 
Hebrant (1962) and Elsen (1965) were used as primary data for the 
present paper. Generally, the aim of these investigators was to compare 
animal communities or distribution patterns of different species of Oribatei, 
Although their sampling method is not perfectly adapted for the present 
purpose, their results provide a fairly satisfactory basic material for the 
present study. Litter samples (the unaltered dead remains of plants down to 
the Fx layer) of 40 em? were collected in the different sites. Since constant 
volume samples were taken, they correspond to variable areas, according to 
sites and seasons (between 15 cm? in winter and 35 cm? in summer). 

The faunal community I comes from an oakwood studied in 1961 by 
Lebrun (1965) by monthly samples of 25 units; the metabolic activity of 
this fauna was the subject of a paper published elsewhere (Berthet 1963, 
1964). In 1964, Corbisier reinvestigated the same site (community II) 
and also the communities III, VIT, X, XI, XII, XIII by collecting 15 samples 
every other month (Corbisier 1965). Communities IV, V and IX were 
studied the same year by Elsen who collected 25 samples every other month 
(Elsen 1965). 

Finally, we used to the data of Hebrant on the communities VI and VII, 
based on one hundred samples collected every other month. (Hebrant 
1962, Berthet and Gérard 1965, Gérard and Berthet 1966). 


2.2 THE FAUNA 


The fauna was extracted by the usual Berlese-Tullgren funnels as described 
elsewhere (Berthet 1954). Only adult Oribatei were counted since the 
systematic determination of larval and nymphal stages is not feasible in 
practice. 

For all the communities considered, the fauna is represented by 87 species. 
Table II shows the sharing out of the species according to communities. 


2.8 MEASUREMENT OF TEMPERATURE 


The mean temperature of the litter over two week periods was recorded 
bimonthly by the Pallman's method modified by Berthet (1960). This 
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method is based on a polarimetric determination of the rate of inversion of 
a sucrose solution at a constant pH. 

The temperature data were obtained in site I during 1961 and may be 
considered as representative of the temperature that was prevalent in sites 
VI and VIII investigated during the same year. During 1964, on the other 
hand, temperature was measured throughout the year in sites IV, V and IX; 
as the observed differences between these three sites were small, this average 
represents, in a quite satisfactorily manner, the temperatures for all the 
sites studied in 1964. 


2.4 ESTIMATION OF THE INDIVIDUAL WEIGHT IN THE DIFFERENT SPECIES 


The weight of the individuals of the different species is needed for computing 
the biomass as well as for estimating the metabolic activity. In a previous 
work (Berthet 1963, 1964) the average mass of individuals belonging to 
about thirty species was determined by weighing; the weights of the animals 
belonging to other species were evaluated by comparison with animals of 
known weight. 

In the present work, the mass of animals belonging to species not previously 
weighed was estimated from a multiple regression of log-weights against 
log-length and log-width; the two later data were obtained from the literature, 
The Phthiracaroidea were not taken into account in this computation since 
they differ too much in shape from other Oribalei species. 

The regression equation obtained is: 


W = L158 : pis j 108-8! 


where W is the weight in ug, L and | the length and the width in microns. 
The weights of Phthiracaroidea were estimated by comparison with values 
previously obtained from the species of this superfamily. 


2.5 DETERMINATION OF THE Os-CONSUMPTION OF A POPULATION 


To estimate the oxygen consumption of Oribatid mites, we have used the 
previously established formula (Berthet 1964), relating the oxygen 
consumption to the temperature and the weight of the animals. This relation 
was obtained in a study of the metabolic activity of individuals belonging 
to 16 species of Oribatei. 

In the investigated range (between 0° and 15° C), the oxygen consumption 
was found to be considerably influenced by the temperature, the average 
Qio being approximately equal to 4. Taking into account the variation of 
weights of the animals, the following equation obtained: 


Y = 18.059 + 0.70 W — 0.487 Z 
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where: Y = logio of the 02 — consumption in 10? yl per individual, per day, 
W = logio of weight in ug, Z = 104/7' where T is the absolute temperature. 

To apply this equation to a population, the year was divided into as many 
periods as there are samplings, the date of the sampling determining the 
middle of each period. The average temperature in each period was calculated. 
The density of each species was assumed to remain constant during this 
period. 


Under these conditions, for species s, during period p, one gets: 
X,5 = 10 (18.059 + 0.70 W, — 0.487 Zp) + Ly Dep 


where: Xs, = Oz — consummed in 10? yl per liter of litter by species s during 
period p, W, = logio of weight of species s in ug, Zy — 10*/T' at period p 
in days, Dsp = number of individuals of species s per liter of litter during 
period p. 

The calculation were performed with an I.B.M. 1620 computer. 


3. RESULTS 
3.1 TOTAL OX YGEN-CONSUMPTION 


The average population density and biomass and the total Os-consumption 
of each community, per liter of litter and per year, are given in Table II. 

Communities I and II which were located at the same site and investigated 
respectively in 1961 and 1964, showed a high and identical metabolie activity 
and biomass. The Oribatei of community IV located in another oakwood, 
were also very numerous but, on the average, of smaller size than those of 
communities I and II. Their annual O;-consumption was somewhat lower. 

In coniferous forests (XII and XIII) and particularly in Picea (XIII), 
most Oribatid mites were of very small size (mainly Eremeidae) but at such 
à density that the metabolic activity of this fauna was still important. 

In beech forests (communities X and XI) size of the individuals was not 
compensated by a high density and the Os-consumption was low. Community 
II was located in an humid oakwood where litter decomposition was very 
rapid: large individuals were found (average weight 75 ug) but they were not 
numerous; their estimated oxygen-consumption amounted to only 33 ml 
per year. 


3.2 SEASONAL INFLUENCES 
Fig. 1 shows the change during the year of the amount of Os-consumed per 
day, of biomass and density of adults Oribatei. This figure also gives the 
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weight of the average individual of an ideal species which would account for 
all the oxygen consumed if its density was equal to the total density of this 
community. This average weight is: 


y Y,;—18.0594-0.487Z 
m 0.70 
where: W4 = log of the weight of this average individual in ug, Y, = log of 
the mean oxygen consumption in 10? pl per individual per day, Z = 104/7. 
It is observed that the peaks of metabolic activity occur during July, 
August and September, the warmest period of the year during which Oribatei 
reach their maximal density in litter. In autumn, however, the density of 
fauna remains high but the lowering of temperature decreases the oxygen 
consumption. 


'l'he results obtained at three year intervals (I and II, VI and VII), were 
similar although the population densities were higher in 1964 than in 
1961, 

Finally, it appears that metabolic activity of Oribatei in coniferous woods 
(XII and XIII) exhibits smaller seasonal variations than in the other 
communities: as soon as spring begins, a large increase of density leads to a 
great increase in metabolic activity, which only falls again during December 
and January. 


3.3 CONTRIBUTION OF THE DIFFERENT SPECIES TO THE METABOLIC ACTIVITY 


Fig. 2 shows the contribution of the various species to the total metabolic 
activity of Oribatid mites in the different sites. The area of each circle is 
proportional to the annual total of oxygen consumed, the area of each sector 
being proportional to the contribution of each species. Only those which 
accounted for more than 3% of the oxygen consumed, are represented 
separately. The total activity of the others is represented by the large white 
sector in which the number of such species is printed. 


In general, less than 10 species, i.e. less than a fourth of the species present 
exhibit substantial activity. In all cases, four species account for at least 
50% of the total metabolic activity of the community. From this point of 
view, the dominant species generally are those of large size, such as 
Sleganacarus magnus, Platynothrus pellifer, or Nothrus palustris. In some 
communities however, species such as Oribatula tibialis or Chamobates incisus 
are sufficiently well represented to play a fairly important role. Finally, in 
coniferous woods, T'ectocepheus velatus is present at such a high density that, 
in spite of its small size, it accounts for one quarter of the total amount of 
oxygen consumed. 
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4. DISCUSSION AND CONCLUSIONS 


The sites where Oribalei activity is most intense are Querceto-Carpinetum 
` convallarielosum (communities I and II) and Querceto sessiliflorae (IV); the 
first is a mull-moder, the second is a moder. In these communities, Platynothrus 
pellifer is particularly active. The two others Querceto-Carpinetum 
convallarietosum (ITI and V) also are mull-moder but established in humid 
locations. The litter is rapidly decomposed, mainly by the mesofauna; 
Oribatei are not numerous but they are represented by species of large size, 
such as Nothrus palustris, Steganacarus magnus, Euzeles globulus. 

The other deciduous forests are moder-mor (VI and VII) or mor (EX, X, 
XI): the activity of Oribatei is weak, particularly in the two beach forests 
(X and XI) which are principally populated by species of small size. 

Finally, the acid coniferous biotopes (XII and XIII) contain a very large 
number of individuals, forming a relatively small biomass; the amount of 
oxygen consumed is nevertheless very high. Once again, these results confirm 
from another point of view, the opposition between mull and mor. 

On the other hand, the absolute value of oxygen consumption permits 
us to quantify the influence of Oribatid mites on the litter. In the favourable 
sites, the adults consume about one hundred ml of oxygen per year per liter 
of litter, which corresponds to 476 cal if it is assumed that the respiration 
quotient of edaphie animals is 0.82 (O'Connor 1962, Macfadyen 1963). 

In a previous paper (Berthet 1964) we suggested that all the larvae 
and nymphs of Oribatei consume between one and two times the oxygen 
consumed by the adults. Thus, if the juvenile stages had been taken into 
account in the present work, the oxygen-consumption of all the Oribatei 
would be more than doubled and would amount to at least one thousand 
cal per liter per year. 

It would have been better for our purpose, to have had data obtained by 
the analysis of samples of constant area rather than constant volume. The 
difference in thickness of the litter layer from one site to another would give 
a somewhat different picture if the energy flows were expressed on an area 
basis. However, for all sites and seasons, one may assume that, the litter has 
an average thickness of about 1.5 cm, corresponding to 15 liters of material 
per square meter. The flow of energy per square meter of litter is thus of 
the order of 15 Kcal per year. 

It should be pointed out that the computations above deal only with the 
Oribatei of the litter. An estimate of the activity of these animals in forest 
soils, must include the contribution of the Oribatid mites inhabiting humus. 
From previous observations in community I (Berthet 1964), and prelimi- 
nary results obtained on communities IV, V and IX, it appears that the 
activity of the Oribatei population is about the same in humus as in the litter, 
Thus, the oxygen consumed by all the Oribatei of forest soil, apparently 
corresponds to an energy flow of 30 Kcal per m2, 


This result is considerably higher than the value reported by 
Engelmann (1961) for the Oribatei fauna of an abandoned field; we have 
previously (Berthet 1964) pointed out the weaknesses of Engelmann's 
method for measuring the population densities and metabolie activities. 
On the other hand, our value is in agreement with Macfadyen's estimate 
concerning a grassland community (Macfadyen 1963). 

On the basis of energy flow, Oribalei seem to play a much smaller role 
than some other edaphic animal groups: the activity of nematodes in grassland 
amounts to 150—350 Kcal per m? and per year (Nielsen 1949); for 
Enchytraeids in the sa memilieu, to 30—150 Keal (Nielsen 1961), In a 
stand of Douglas fir, the activity of Enchytraeids was estimated to 150 Kcal 
(O'Connor 1962). 

In fact, the energy consumption of Oribalei is very small when compared 
with the amount of food available. It is likely that in the various milieux 
investigated in the present study, the annual fall of dead leaves per square 
meter amounts to 300 g dry weight, i.e, more than 1.000 Kcal. It has been 
determined in various edaphie animals, such as Myriapods, Diplopods and 
Isopods (van der Drift 1950, Gere 1956, Dunger 1958a, 1958b, 
1960, 1962, 1964, Bocock 1962) that the proportion of food assimilated 
during its passage through the digestive tract is usually less than 10% of 
that consumed. For Oribalei, the proportion assimilated also seems to be 
poor: 20% according to Engelmann (1961); 14% according to a previous 
study on Steganacarus magnus (Berthet 1964). If the latter figure is 
accepted, the flow of material through the digestive tract of Oribatei amounts 
to the equivalent of about 200 Keal, although only 30 Keal are completely 
metabolized, According to this estimate, Oribatei ingest about 20% of the 
organie material annually falling on the ground. 

Numerous investigators have attempted to determine the diet of Oribatei 
(Riha 1951, Schuster 1956, Wallwork 1958, Hartenstein 
1962a, b, c, d, e, f, g Woodring and Cook 1962, Woodring 
1963). It seems that one of the main items of the diet of Oribalei in mor could 
be mycelia; the animals would then, according to Macfadyen (1963), 
contribute to the process of humification by dispersing spores and preventing 
mycostasis or ageing of mycelial populations. In mull, on the other hand, 
the large Oribatei are mostly saprophagous and they could accelerate humifica- 
tion by fragmenting organic materials and favouring their microbial 
decomposition (van der Drift 1965). In this way, they could also 
have "a catalytic effect on the activity of microbes, which could be many 
times the magnitude of their own metabolic activity" (Macfadyen 1964). 
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encouragement, Thanks are due to Prof. J. Minguet (Director of the Bureau de Calcul of the 
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with the preparation of tho final manuscript and to Mr. G. Gérard and Ph. Lebrun, for helpfull 
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Table I 
Main botanical features of the sites 
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Community Association Date Tree strata Shrub strata Herbaceous or muscinal 
No strata 
Querceto Carpinetum 1061 " Corylus avellana A 
I convallarietosum Que = Carpinus betulus TUQUE DETONA 
II idem 1964 idem idem idem 
Querceto Carpinetum 2 3 
IH convallarsetosum 1964 | Quercus pedunculata Corylus ME = galeobdolon 
hasnt wellant Carpinus betulus nemone nemorosa 
Iv ceto sessiliflo 1964 ob Corylue avella oon ee 
Querceto sessiliflorae Quercus robur orylus avellana Robus sp 
p Querceto Carpinetum " 
V SETA 1964 Quercus robur Carpinus betulus -- 
Querceto sessiliflorae- 
vi Betuletum 1961 quine nel hirci tur Leucobryum glaucum 
var, Leucobryum glaucum Quercus sessiliflora Quercus sessiliflora 
VII idein 1964 idem idem idem 
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Prunus serotina 
Ruderalized site 1961 Populus canadensis Populus canadensis Urtica dioica 
Larix europea 


Quercus robur 


Querceto sessiliflorae 1964 — Betula verrucosa — 


Querceto Carpinetum i ] 
convallarietosum 1964 | Fagus silvatica — Pteris aquilina 
(disturbed) 


essiliflorae- HUS Lonicera periclymenum 
XI ocn ( peo à) 1964 Fagus silvatica Fagus silvatica Convallaria majalis 
XII ee 1964 Pinus silvestris Quercus borealis Vaccinium myrtillus 
XIII (di aos pei 1964 Picea abies — Hypnum cupressiforme 
i 
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Table II Labie n One 
Density, biomass and oxygen-consumption values of the oribatid 


fauna in the different communities 


Distribution of oribatids in the different communities 


No of Mean number Mean biomass Og-consumed 


of ind. per mg/l of litter ml/l/year 
l of litter 


Nanhermannia nanus ( Nic.) 
Hypochthonius rufulus C. L. Koch 
Eniochthonius minutissims Berl. 
Brachychthonius berlesei Willm. 
Thrypochthoniellus excavatus ( Willm.) 
Malaconothrus sp. 

Camisia spinifer (C. L. Koch) 
Camisia segnis (Herm.) 

Nothrus palustris C. L. Koch 
Nothrus silvestris Nic, 
Platynothzus peltifer (C. L. Koch) 
Hermannia gibba (C. L. Koch) 
Micreremus brevipes (Mich.) 
Cymbaeremaeus cymba (liic.) 
Amerus troisii (Berl.) 

Metabelba papillipes (Nic.) 
Dameus auritus C. L. Koch 
Dameus onustus C. L. Koch 
Damaeobelba minutissima (Sell.) 
Licneremaeus lLicnophorus ( Mich.) 
Fosseremus laciniatus (Berl.) 
Suctobelba subtrigona (Oudms.) 
Suctobelba trigona ( Mich.) 

Oppia quadricarinata ( Mich.) 
Oppia nova (Oudms.) 

Oppia ornata (Oudus.) 
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Vill 1,666 36 44 


IX 2,031 35 46 

Oppia bicarírata (Paoli) : i 
Oppia E pim NA ) o x 2,963 44 4 
Autogneta lo: amellata (Mich. o OM ES uo d a » 
Autogneta willzanni Dyrd. o XI 1,451 33 33 
Oppia maritima (Willm.) o o o mds E 
Oppia minus (Paoli) 4,354 67 74 
Oppia subpectinata (Oudms.) o o o o - 
Oppia translamellata (Willw.) o 
Oppia splendens (C. L. Koch.) o 
Üppia sp. 
Thyrisoma lanceolata í Mich.) o 
Thyrisoma pectinata ( Mich.) o 
Ceratoppia bipilis (Herm.) o 
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Fig. 1. Fluctuation of density, biomass, average weight and oxygen-consumption in the 
different communities 
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Fig. 2. For explanations see text 
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